Abstract: Persons with knee osteoarthritis (OA) often experience considerable physical disability. Although some studies suggest women with this condition suffer more than men, few have attempted to characterize the magnitude and that impact of this condition specifically among women with moderate knee osteoarthritis as well as the relationships that exist between their perceived health status and well established physical, emotional and perceptual factors found in this disease. This exploratory study strove to better understand factors that underpin the perceived impact of the condition, and to describe the extent of pain and function among women with mild to moderate knee osteoarthritis, and how this impacts this condition. The records of 20 women with the condition who had undergone multiple tests using a standardized protocols and validated instruments were examined. The primary outcome measure was the perceived impact of the disease using the Arthritis Impact Measurement Scale. Secondary outcome measures included six minute walking distance, fastest walking velocity, self-reported pain, pain and functional self-efficacy, body mass, and depression. The variables were subjected to t-tests, and correlational analyses. Results demonstrated pain is the clinical factor most consistently impacting the disease experience, along with deficiencies in walking ability (p <0.05). Important mediating variables of ambulatory capacity were body mass and pain self-efficacy.
INTRODUCTION
Osteoarthritis (OA), a prevalent joint disease causes appreciable disability in the majority of adults over the age of 55 [1] . At the knee, a joint frequently affected by the disease [2, 3] , the disease produces considerable functional disability and pain [4] , especially in women [5, 6] . Studies have revealed that compared to healthy women, women with knee osteoarthritis have decreased survival rates [7] , and that as a whole, its individual and collective socio-economic impacts [8] as a result of multiple pathological features [9] [10] [11] [12] [13] , are considerable [14, 15] .
Moreover, this series of generally irreversible pathological processes [16] , can be accompanied by episodes of intractable pain, joint swelling, and stiffness, limitations of joint range of motion, muscle strength, and the efficiency of musculoskeletal system [17] . The chronicity of the disease can also produce emotional distress, depression and/or impairments of general health and vitality, reduced life quality, activity limitations [16] , negative personal beliefs, as well as sleep disturbances. These changes and others such as poor cardiovascular endurance, low exercise tolerance [17, 18] , and diminished ability to function physically [19] without undue exertion [20] can also increase the risk for other health problems such as obesity. The disease can severely impair the function of the knee extensor muscles [14, 21, 22] , and in longstanding cases, muscle atrophy of both fiber types is likely to ensue, thus further impairing life quality [21] , joint stability [23] and functional capacity [23] .
However, even though numerous studies conducted in the last 30 years have examined some of the aforementioned factors in isolation, very few have focused on examining the interaction of the perceptions of patients with this condition, including their estimation of its impact and the extent to which pain and feelings of depression, health, disease duration, and body weight status contribute to this perception. Moreover, in studies that do exist, most have included patients with hip osteoarthritis and have assessed men and women and their disability expressions simultaneously even though the etiology may well differ in some respects between genders [22] .
Thus, which factors best explain the overall impact of knee osteoarthritis on the day to day wellbeing of women with knee osteoarthritis, who are commonly affected more than men [22] is not clear and has been very poorly studied [16] . In addition, by including patients younger than 60 years of age, several prior studies conducted among patients with knee osteoarthritis have not been able to clearly clarify the impact of living with this disease among the older adult. Nor has the impact of aging, as well as the impact of the disease among women with knee osteoarthritis been well examined in a single context. Finally, whether cardiovascular or other comorbid diseases produce excess disability and impairment in women with this disorder is not well reported even though cardiovascular risk factors are found at higher rates in the rheumatological diseases than in control populations [24] .
The specific objective of this research was to examine some key variables associated with the perceived impact of knee joint osteoarthritis among a small group of women 60 years and older with radiological and clinical verification of unilateral or bilateral knee joint osteoarthritis living in the community. The women were eligible to enter a study to examine the efficacy of an exercise protocol for improving their knee osteoarthritis. In addition to measuring the impact of the condition, an accepted proxy for health status, several well-established physical and psychological correlates of knee osteoarthritis were specifically examined to determine their relative importance as regards improving the health status of this group [16] .
It was hypothesized that the women examined would show significant relationships between their walking ability, and their perceived health status and that this would be impacted by both age and pain. It was also believed that pain would be a strong explanatory variable of the impact of the disease, as would body mass and self-perceptions of confidence to carry out arthritis related management approaches It was anticipated that the results of this study could help to inform clinicians about what remedial efforts might be especially valuable for enhancing functional independence and health related quality of life in women with similar personal characteristics.
The specific questions of interest were:
1.
What are the key personal, physical, and health characteristics of women 60 years and older with radiographic and clinical evidence of knee osteoarthritis?
2.
What are the main features of the condition that appear to be subject to change according to decade of age?
3.
What are the factors that best correlate with the patients' perception of the impact of the disease on their wellbeing?
4.
What can the data reveal that will help advance recommendations for reducing the risk of excessive disability among a similar group of adults?
MATERIALS AND METHODS
An available sub-sample of 20 subjects drawn from a larger study fulfilling the inclusion criteria for the present study was conducted. Eligible subjects were examined as regards disease presentation, duration, pain, medical, functional and cognitive status on a single test occasion. Subjects were women with radiological evidence of knee osteoarthritis of either the medial or lateral compartment of one or both knees of grade II severity (i.e. joint space narrowing, osteophytes) recorded in weightbearing [5] . All subjects had to be able to walk with or without an aid and present with at least 3 of 6 criteria [25] as follows:
• Age >60 years.
• Morning stiffness < 30 minutes.
• Crepitus on knee motion.
• Bony tenderness knee joint margins.
• Bony enlargement knee.
• No palpable warmth.
Excluded were:
• Adults with rheumatoid arthritis, or definitive arthritis of other joints.
• Men.
• Adults with evidence of neurological impairment.
• Adults with evidence of limb injury or abnormality.
• Women with knee osteoarthritis eligible for surgery or a history of surgery of the affected knee [s].
• Women with knee osteoarthritis presenting with uncontrollable or unstable medical conditions.
• Those unable to follow instructions or basic English.
Subjects were referred to the study by rheumatologists at the University Hospital. All decisions regarding subject suitability for the study were made by the investigator. All subjects were required to give informed consent.
To obtain the desired data, several self-reports were completed by eligible participants under the same conditions in a single hospital setting. These tests included a number of validated surveys including: The Arthritis Impact Measurement Scale (AIMS)(Physical, Health, Pain and Impact Subscales) [26] , The Center for Epidemiological Studies Depression Scale (CES-D) [27] , a 10 cm long visual analogue pain scale where 0 was no pain [28] , The Borg Perception of Effort Scale [29] , and The Arthritis SelfEfficacy for Pain and Other Symptoms Scales [30] .
Demographic variables captured included age, education, marital status, numbers of affected joints, health status, height, and weight. Self-reported pain was also assessed using the 4 pain and stiffness questions on the Arthritis Impact Measurement Scale that was scored as a composite variable by collapsing the 4 scores according to standard procedures and where overall scores range from 1-6, with 1 being indicative of more severe disability, and 6 minimal disability, respectively. Medical history and arthritis impact (0-100 visual analogue scale) were documented as per the AIMS check list. Standard body weight (kg) and height (m) measures were used to derive a body mass index (w.h -2 ) for each individual. Depression using the CES-D was estimated by summing the 20-item scores, which could range from 0-60, with a cut-off point for depression of 16.
Total distance walked in 6 minutes at self-paced speed on a standardized level indoor walkway and what factor [s] most commonly prevented or limited ambulatory performance was measured using a checklist of 4 options (shortness of breath, pain, fatigue, other). Perceived exertion at the end of a six minute walking test on level ground, where individuals were encouraged to walk as far as possible was measured on a visual analogue scale ranging from 0-15, where 0 was no exertion and 15 maximal exertion. Functional performance was also assessed through a self-selected slow and fast walking speed test that was recorded in m.s -1 on a level indoor walkway using an electronic timer and floor markers and measuring the duration of the gait cycle. Electronic records of how the individuals compared to healthy age matched norms as regards the gait cycle were calculated for each participant.
In addition to documenting the mean age, and disease duration of the cohort, several subgroup analyses were conducted for the variables of age (60-69, 70-79, 80+ years); cardiovascular history (presence of versus no cardiovascular disease history; cardiac disease versus hypertension versus no disease); osteoarthritis status (unilateral versus bilateral knee joint disease); depression (presence of depression versus no depression) and normal weight versus overweight and obese categories of patients.
The data were entered systematically into an Excel spreadsheet by the researcher, and the desired descriptive statistics, and inferential tests including analysis of variance, regression analysis and selected correlations were calculated using SPSS version 16.00. The prevalence of comorbid conditions and their diagnostic labels, plus demographic and disease descriptors were noted and reported together and separately for 3 age categories (60-69;70-79;80+ years) to examine the effects of aging on disease correlates. Cognitive status and perceptions concerning personal efficacy for managing pain and other symptoms were recorded as well. Correlations were generated to evaluate the influence of changeable factors such as pain, perceived impact and emotional status with ambulatory function indicators, in addition to age. All significant variables were entered together as independent variables in a stepwise regression model to estimate the most salient relationships of variables with a correlation significance of p=0.20 or lower with respect to arthritis impact scores, AIMS and visual analogue pain scores, and six minute walking distance. The significance level was set at p<0.05. The separate regression analyses conducted on all potential predictors included correlation and partial correlation statistics, and all standard diagnostic procedures. A power analysis conducted prior to study showed a minimum of 17 subjects would be needed to demonstrate significant interrelationships between arthritis impact and pain and function. Twenty subjects were recruited to allow for dropouts and any missing data.
RESULTS
Of the 20 women recruited, 17 had complete records, and among these, 14 were Caucasians, 2 were Non-Hispanic Blacks, and one was Hispanic. These women ranged in age from 60 to 84 years with a mean age of 70.8 ± 7.5 years. Seven were college graduates, five had some college exposure, and with the exception of one subject, the rest were high school graduates (See Table 1 ). Only 2 were presently married. The rest were either widows, divorced or unmarried. As outlined in Table 1 , which portrays the mean and range of scores recorded for the present group as regards variables of interest, only 18% of the present cohort could be categorized as being in the normal weight range. Eight had unilateral knee joint osteoarthritis, and nine had bilateral knee joint osteoarthritis, but there were no differences in AIMS pain scores (p=0.988), disease duration (p=0.678), walking distance scores (p=0.384), velocity of fast walking (p=0.110) or age (p=0.456) between those with unilateral and those with bilateral joint disease using analysis of variance. Of the 17 cases assessed presently, 12 stated they were in good health, and two stated they were either in excellent or fair health, even though 11 (65%) had a history of one or more cardiovascular conditions. Three however, exhibited evidence of depression of moderate severity, and this condition was found to be more prevalent in the oldest age category (see Table 2 ).
When examined more closely in terms of a breakdown in age range, Table 2 also shows a decline in fast walking velocity and walking distance in the highest age range, where numbers of medical conditions were higher. Pain was also experienced more intensely in those who were older than 69 years of age. Arthritis impact scores, a proxy for health status, as well as physical disability scores were also higher in the highest age group, as was pain, but these finding were not significant.
The general characteristics of those with and without cardiovascular disease histories, which was of interest in the context of this exploratory analysis is shown in Table 3 . These data suggest that those with a cardiovascular history may be more prone to depression and lower perceptions of self-efficacy for pain and other symptom management. Interestingly, those with no cardiovascular disease were significantly heavier than those with one or more cardiovascular diagnoses, suggesting that they may be prone to cardiovascular disease later on or that obesity itself produces as much disability in otherwise healthy people with knee osteoarthritis, as those with one or more cardiovascular conditions. Very few other health conditions were noted except for one case of diabetes. The subjects with cardiovascular diagnoses generally reported higher AIMS Impact scores than those with high blood pressure diagnoses (5.8 versus 2.9, and denoting poorer health status), they had more pain on average (AIMS Pain score 5.5 versus 4.6), poorer physical function (AIMS Physical 7.3 versus 4.8) and walking speed (48.9 versus 56.6 m.s -1 ) than those with high blood pressure, but this was not significant.
In terms of relationships among the variables analyzed, there were several noteworthy bivariate correlations. These occurred between the variables of Arthritis Impact and pain scores and between pain and walking ability as outlined in Table 4 . Among some of these correlations, age was related to fast walking speed (r=-0.48, p=0.052) suggesting those who are older walk more slowly than those who are younger. In addition, perceived exertion when walking was related to self-reported pain (r=0.50, p=0.043), suggesting perceived exertion may limit function as may bodyweight because walking distance was inversely related to body mass index (r=-0.42, p=0.051).
Another finding was that the higher the impact of the disease, the slower the fast walking velocity as depicted by partial correlations of -0.48, p=0.050. Finally, depression scores were negatively associated with walking distance (partial correlation r=-0.25), pain self-efficacy (r=-0.75, p=0.001) and self-efficacy for function (r=-0.56, p=0.013), suggesting those who are depressed may not be able to walk as far in six minutes as those without depression, and either do not perceive they can function or manage their disease as well as others or their perceptions of their abilities augment depressive tendencies. In terms of overall walking ability, the average time spent in a single gait cycle of 1.32 ± 0.1 s was consistently longer in duration than anticipated among healthy women of similar ages in 100 percent of cases. This walking pace of 30% or less than the average walking speeds of healthy women, was correlated with the patients perception of the impact of arthritis on their wellbeing.
However, among the variables identified in Tables 4 and  5 , stepwise regression showed the best predictor of Arthritis Impact was the AIMS pain score (p=0.021), which was positively correlated with this with a partial correlation of r=0.56, beta=0.56. The next strongest explanatory variable was self-paced velocity, partial correlation r=-0.46, p=0.077, beta=-0.40 followed by six minute walking distance (r=-0.42, p=0.103, beta=-0.36) and fast walking velocity (r=-0.37, p=0.159, beta=-0.33). Although Arthritis Impact mean values increased in higher age groups shown in Table  2 , age was a weak predictor of Arthritis Impact (r=0.30, p=0.267, beta=0.25).
In additional regression analyses, the best predictor of the AIMS pain score was the overall pain experience of the subject as measured on the visual analogue scale (r=0.79, p=0.001, beta=0.79), which was associated most strongly with perceived exertion after walking for six minutes (r=0.50, p=0.043, beta=0.50), followed by body mass index (r=0.28, p=0.290, beta=0.25). Best predictors among the zero order correlations related to six minute walking distance were self-paced walking velocity (r=0.83, p=0.001, beta=0.83) followed by body mass index (r=-0.59, p=0.015, beta=-0.34). The interrelationship of these key factors is portrayed in Fig. (1) .
DISCUSSION AND CONCLUSION
Osteoarthritis, an age-related disease of the articular cartilage lining of a joint, produces a multi-dimensional clinical syndrome, which often includes symptoms of pain. Associated pathological changes such as joint effusion, stiffness, decreased range of joint motion, joint instability and malalignment are common, and can progressively impair the efficiency of musculoskeletal functioning in this population [18, 19] . 6(N=1)
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At the knee, the most commonly involved major joint affected by OA [3] , muscle weakness, pain and functional impairment prevail and are magnified as the condition worsens, especially among women [6] . Less well documented are changes in general health status, the role of obesity in the disease process, the role of aging, cognitions and vascular health that may contribute to the ambulatory limitations commonly experienced by this patient group, and by women who tend to suffer more from this condition than men.
The present exploratory analysis was consequently restricted to women with verifiable knee osteoarthritis who were at least 60 years of age, and although this is an obvious limitation, it tried to identify gender-specific impairments and subsets among these cases with affirmed knee osteoarthritis of mild to moderate severity. It was felt important to assess the characteristics of women with established osteoarthritis of one or both knees of some duration but who were generally in good health according to their own estimations. They were specifically examined to elucidate their symptom patterns, perceptions, physical function levels, pain and efficacy cognitions, and perceptions about the condition that may help to advance secondary and/or primary preventive efforts.
The operational definition used to include or exclude potential study candidates required all to have radiographic and clinically verifiable disease as identified by a physician of one or both knees. However, no true comparison as regards the prevailing degree of radiographic damage was available with the exception of a clear distinction between those with unilateral and bilateral disease. This definition may be a confounder though since it does not account for disease duration, nor does it help to identify which cases are hereditary and which are acquired. Age, however, rather than numbers of affected joints, clearly distinguished selected features of the disease associated with disability, regardless of disease duration and extent (See Table 2 ).
Nonetheless, to support the view that age is only one variable that may influence the natural history of knee osteoarthritis, the extent of pain as reportedly experienced in the last week as assessed prior to taking a walking test battery with the AIMS correlated significantly with the perceived impact of having the disease (r=0.56, p=0.022), as did pain assessed on the visual analogue scale (r=0.51, p=0.042) when controlling for age. Other significant predictors of walking (distance) when controlling for age were body mass (r=-0.54, p=0.029) and for walking velocity at self-paced speed, plus medical history (r=0.49; p=0.052), both of which are potentially amenable to intervention. These findings are important clinically, because while this study did not assess knee muscle strength, a known predictor of function in knee osteoarthritis [6] , it is important to note that there was a relationship between the perceived impact of having the disease and locomotor ability as well as knee joint pain, an important determinant of disability [31] . That is, pain, a prognostic factor for worsening of limitations in activities [32] impacted locomotor activity to a significant degree, as did excess body weight, a finding observed by Liu et al. [33] . In addition, those with poorer walking ability perceived their disease affected them more than those with better ambulatory function, a finding also noted by Yildiz et al. [14] . As well, although cardiovascular conditions as a whole did not appear to affect arthritis impact or walking ability, those with cardiac disease histories demonstrated subtle albeit non significant adverse variations in arthritis impact, walking ability scores and pain. Yet, even though comorbid conditions are common in osteoarthritic samples [19, 32] , and increase the likelihood of poor physical function in patients with osteoarthritis [34] , many treatment studies for knee osteoarthritis commonly exclude such patients. Alternately, others have focused on examining men and women together [14] , and/or hip and knee osteoarthritis together [35] . Moreover, as outlined by Odding et al. [36] the influence of cardiovascular and other diseases and how they interact to diminish function in cases of knee osteoarthritis is relatively unknown even though current information suggests osteoarthritis shares a similar biochemical and inflammatory profile to the metabolic syndrome [37] . Consistent with Miller et al. [39] the present data show a history of cardiovascular disease, including high blood pressure and coronary artery disease, which prevailed in 64% cases, is very common among women with knee osteoarthritis. Indeed, the presence of one or more of these cardiovascular conditions, has the potential to impact patients both physically speaking and cognitively speaking, perhaps accounting for the presence of depression and related findings of diminished self-efficacy, an important predictor of arthritis self-management in some cases. Those with cardiac disease histories, also appeared to have greater levels of self-reported pain, and slower walking speeds, although this was not significant.
Among other noteworthy findings in this exploratory study was the observation that those with no cardiovascular disease histories had higher body mass indices than those who did not have such a history, and this may imply they are at risk for cardiovascular disease later on, or the early onset of their knee joint osteoarthritis as suggested by related research [37] . Although gait compensations in knee osteoarthritis may be largely neuromuscular, and associated with the extent of pathology, rather than obesity, higher levels of obesity were associated with lower levels of ambulatory function and higher levels of pain, which was consistent with findings by Miller et al. [39] . Moreover, even though their functional limitations may be independent of the presence of cardiovascular disease or other disorders [39] , given that 82% of the present cohort were overweight or obese, helping subjects to maintain healthy weights may be key to maximizing ambulatory function because these patients will likely experience elevated cardiac responses during prolonged activities that may further impact their ability to function physically without exertion [20] .
Clearly, all subjects in the present study tended to exhibit suboptimal walking speeds and while age accounted partially for this, pain, perceived exertion, and either obesity, and/or the presence of a preexisting cardiac disease appeared to contribute directly or indirectly to the impact of the disease on their ambulatory capacity. Thus, similar to Watanabe et al. who observed that 10 m gait speed (comfortable and maximum) was significantly inferior in patients with knee osteoarthritis than in controls [38] , the present subjects consistently exhibited lengthier gait cycles at self-paced walking speed than one would expect in the average healthy women of the same age. This diminished ability to walk at optimal speeds suggests the oxygen cost per meter traveled is likely to be elevated accordingly among this patient group [20] and can perhaps help to explain the present association between pain, perceived exertion, and walking distance limitations, which were lower on average than those subjects studied by Miller et al. [39] .
In particular, the fact that gait cycle duration was significantly related to the perceived impact of their arthritis on their wellbeing, as well as being strongly correlated with pain and pain self-efficacy in this present study suggests that the ability to walk is very salient to the knee osteoarthritis patients' perception of their condition. Consequently, in addition to improving neuromuscular function and reducing high body weights, helping the knee osteoarthritis patient to control pain and improve their self-efficacy for this, as well as treatment related comorbid conditions optimally may help lessen the perceived impact of the condition. However, even though quality of life has recently been linked to ambulatory ability in cases with knee osteoarthritis [38] and the negative effect of comorbid diseases and female gender on health related quality of life among knee osteoarthritis cases has been demonstrated [23] , studies in this area are similarly sparse in number, and more are strongly indicated. Indeed, given that middle-aged persons with arthritis are at higher risk for developing mobility and activities of daily living difficulties [40] , and middle age women with high body mass indices are at increased risk for knee replacement [41] , these factors might be especially valuable as focal points for future exploration and intervention.
At present, due to the limited research in these areas, the most suitable form of conservative therapy may be hard to predict, their efficacy may be impacted adversely, and some modalities such as exercise may even prove risky to apply in a uniform way. Moreover, the most salient factors that impact the presentation of knee osteoarthritis disability outlined in Fig. (1) , are often not considered in the context of day to day practice and generic recommendations from wellmeaning organizations and others. Rather than tailoring interventions in accordance with the unique attributes of each patient, universally encouraging exercise for osteoarthritis, along with heat or other modalities, and delivering generic programs to reduce the disability is often recommended instead. Comprehensive approaches applied early on rather than later, which appear crucial because unrelieved or inadequately treated knee osteoarthritis is influenced detrimentally by age, and can lead to heart strain and/or depression, plus obesity that increases knee joint deterioration [34] are rarely forthcoming.
By contrast, given the hypothesized interaction of mechanical factors, psychological and comorbid factors depicted in Fig. (1) , it is argued that a significant portion of the female knee osteoarthritis patients' ambulatory impairment may be amenable to intervention using a multidimensional approach. Knee osteoarthritis is a leading cause of osteoarthritis-related impairments in the general United States population [42] . Thus, further research to uncover the importance of other factors that can impact the knee joint osteoarthritis patients'gait capacity, efforts to use advanced technology to detect one or more of these neurological, mechanical and cardiovascular determinants, treating comorbidities [34] and carefully addressing all changeable prognostic factors is strongly indicated in attempts to offset excessive deterioration, and to enhance life quality. More attention to cases with knee osteoarthritis in the highest age categories as well as the highest overweight categories is indicated as well.
